Moiré patterns can lead to fundamentally new electronic behavior when formed between two atomic lattices slightly shifted with respect to each other. A solid is however not just characterized by the atomic lattice, but also by charge or magnetic excitations that do not need to be commensurate to the lattice. This raises the question if one can obtain a moiré by combining periodic electronic modulations and the atomic lattice. Here we report on the discovery of a one-dimensional charge density wave (1D-CDW) whose wavevector is a moiré pattern between the atomic lattice and a hot spot for electronic scattering in the bandstructure of the hidden order (HO) state of URu 2 Si 2 . The moiré is produced by fracturing the crystal at low temperatures. Our results suggest that charge interactions are among the most relevant features competing with HO in URu 2 Si
The HO state of URu 2 Si 2 puzzles experimentalists and theoreticians alike since its discovery more than three decades ago [8] [9] [10] . It consists of a phase transition below T HO = 17.5 K in which there is a large entropy change [11] . In spite of intensive research and having scanned through nearly all available techniques, the actual order parameter associated to the entropy loss in the HO state, its symmetry and microscopic origin, remain in the dark [8] [9] [10] . Neutron scattering experiments do not show any sign of static magnetic nor structural order [12] .
But there are two dynamical modes of Ising-like magnetic excitations with a strong associated magnetic moment, µ ≈ 1 − 2µ B , located at q 0 = (0, 0, 1) and q 1 = (0.6, 0, 0) [12] [13] [14] .
Antiferromagnetism appears above 5 kbar with the q 0 wavevector [10, 12, 15] . The mode at q 1 [15, 16] leads at high magnetic fields to antiferromagnetic order with q 1 [17] , after a set of modifications of the Fermi surface induced by the magnetic field which produce nesting in the Fermi surface at q 1 , when HO disappears [18] . Several measurements indicate that at zero field the bandstructure has a hot spot for scattering at q 1 [16, [18] [19] [20] . Here we use Scanning Tunneling Microscopy (STM) to study high quality single crystals of URu 2 Si 2 .
Contrasting previous STM work [21, 22] , we unambigously identify a 1D-CDW with a very long wavevector that is a moiré combination of the atomic lattice and q 1 . We make detailed analysis of the sample surface after the experiment and find that the surface has linear features created during cleaving, which determines the reduced dimensionality of the CDW.
Figure 1(a) shows the crystal structure of URu 2 Si 2 and in Fig. 1(b) we show atomically resolved images of the square atomic lattice. The spectroscopy will be discussed elsewhere and coincides with the expectations for a U surface, taking the results of [21] [22] [23] . The in-plane lattice parameter is of a = 420 ± 10pm.
We identify subtle nearly periodic changes of the height as a function of the position which lead to stripes in the STM images (Fig.2) . In fields of view that are sufficiently large and free of defects, there is a certain pattern which repeats on the image and is one-dimensional.
The pattern corresponds to height changes which vary from place to place and are very small, of at most 2 pm, i.e. about 1% of a typical atomic size or a fraction of the usual atomic corrugation (inset of Fig. 1b) . The period and the direction of the one-dimensional modulation can be determined from the Fourier transforms of the topographic images. The Bragg peaks associated to the one-dimensional modulation repeat at integer multiples of q M .
We determine q M from the reciprocal space distance between consecutive peaks and obtain that q M = 0.171/nm (Fig.2b) . This corresponds to an electronic modulation of period d M = 1/q M = 6 nm (d M = 14a). The determination of d M is limited by the width of the peak in Fourier space, which corresponds about ±1 nm in real space. The one-dimensional modulation is nearly parallel to an in-plane crystalline direction, at an angle δ of a few degrees. A histogram with observed d M and δ is shown in Fig. 2c . The modulation consists of fringes with periodicity d M in real space and at q M in the Fourier transform. The peaks q M are mostly located around the center, but sometimes repeat at the atomic lattice Bragg peaks. We did not find significant changes below about 10 mV. We observed the modulation up to magnetic fields of 4 T and temperatures several K above liquid helium. At higher temperatures and above T HO we were unable to detect it because of temperature induced drift in the STM.
A modulation observed in STM superimposed to the atomic lattice is caused by charge Notice that these are considerably larger than those in Fig. 1 . We mark the one-dimensional modulation of size d M by dashed lines and the arrow. b Fourier transform of the same images. We observe the usual atomic Bragg peaks due to the square surface atomic lattice and also multiple peaks at reciprocal space distances q M . We mark in white the angle δ between the modulation and the Bragg peaks of the atomic lattice. In c we show a histogram over d M and angles δ obtained in 24 different fields of view acquired in 5 different samples. We collect the position in Fourier space of the maximum of the peak, giving q M . The peak has however a certain width, which corresponds to a distance of of about 1 nm in real space. Schematic of the moiré 1D-CDW. We represent the atoms in green in form of a single orbital, whose elongation in z is coupled to a modulation located at the reciprocal lattice vector q 1 = 0.57 ≈ 0.6 (black line, λ 1 ≈ 1.75a in real space, with a = 420 pm). The elongation is highlighted by a colored arrow at each atomic position. We represent the resulting charge modulation using a color scale by the bar at the bottom. The wavevector of the modulation is q M (λ M ≈ 14a in real space). Because λ 1 /2 ≈ a, the relation between λ 1 and a is through a "fractional" moiré λ M = λ 1 ·a |λ 1 /n−a| with n = 2 and the pattern is formed by two cosine waves with the same wavelength, but shifted by π from each other (red and blue). order in form of a CDW. The Fermi surface has mainly a four-fold symmetry and there are no features in the Fermi surface which could lead to any 1D-CDW [19, 24] . Features of the Fermi surface are instead fourfold, showing nesting at q 0 . Nesting occurs at q 1 too at sufficiently high magnetic fields [18] . At the level of the local atomic size density of states measured by STM, one could eventually expect some sort of modulations appearing at these wavevectors. In any case, we would not be sensitive to q 0 , which is out-of-plane, because we observe the in-plane square atomic lattice. But we should be sensitive to an excitation at q 1 , such as a hot spot in the Fermi surface or a van-Hove anomaly. As we show in the following, q M is related to q 1 through a moiré pattern and the direction of q M is determined by the direction of the propagation of the crack front during fracture.
First, let us establish the relation between q 1 and q M , knowing that q 1 q M . The superposition of 1D modulations with similar periodicities λ 1 and λ 2 (λ 1 ≈ λ 2 ) leads to an additional modulation, the moiré pattern, at a scale which is far above λ 1 and λ 2 and is given by λ M = λ 1 ·λ 2 |λ 1 −λ 2 | [25, 26] . If λ 2 = a and λ 1 ≈ na with n an integer (and of course λ 1 = na), the moiré adopts a "fractional" form and λ M = λ 1 ·a |λ 1 /n−a| . The moiré is then composed of n cosine functions of wavelength λ M phase-shifted to each other by 2π/n. In STM images made at constant tunneling current, we measure the variations in the local density of states integrated between the Fermi level and the bias voltage as a function of the position. The local density of states can be understood as a combination of localized orbitals and itinerant electrons [27, 28] . Let us take for simplicity the case of a 1D row of atoms, separated by a given lattice constant. If there is a very weak modulation at a wavevector close to an integer times the lattice constant superposed to the 1D atomic lattice, the visible signature of this modulation on the local density of states is formed by the moiré pattern resulting from the value of the modulation at the atomic lattice positions. Let us consider schematically a set of elongated atomic orbitals located at a and assume that the size of the lobes is given by a modulation close to q 1 (at ≈ (0.57 0 0), which gives λ 1 ≈ 2λ 2 , with λ 1 the modulation at q 1 , λ 1 = 1/q 1 , and λ 2 = a). The result is schematically shown in Fig. 3 . The size of the lobes leads to a pattern which consists of two inverted cosines, each one with a periodicity λ M = λ 1 ·a |λ 1 /2−a| and shifted by π. Thus, our images show CDW at λ M as a consequence of a moiré combination between q 1 and the atomic lattice.
Second, to understand the symmetry breaking, let us discuss the origin of the modulation.
The modulation is not present in any of the STM images shown in Ref. [21, 22] , although their resolution was of the same order as ours. In those experiments, cleavage was made at relatively high temperatures (of the order of liquid nitrogen), whereas we cleave our sample at very low temperatures (below liquid helium). Cleavage of a hard single crystal is equivalent to brittle fracture. It is a violent procedure by which the bonds are broken first on one side of the sample and then a crack front travels through the sample. The propagation of the crack front during cleavage leaves permanent modifications of the surface [29] . These modifications can be due to acoustic waves that are emitted when a crack front crosses defects during the cleaving process or due to other forms of local interaction of the crack front and the crystalline lattice and have been extensively studied in materiales such as Si, sapphire or tungsten [29] [30] [31] [32] . A careful optical and electron microscopy analysis of surfaces of URu 2 Si 2 broken at room temperatures and at low temperatures is provided in the Supplementary Information.
We show how the surface of samples cleaved at low temperatures has characteristic onedimensional stripes. These stripes define a fixed direction which is close to one of the main in-plane crystalline axis and produce the one-dimensional symmetry breaking field.
Before further analyzing the modulation, let us note that the broken surface could in principle also lead to a CDW at q 1 directly, and not in form of a moiré pattern resulting from the interaction of charge order and the atomic lattice. It seems however very unlikely that five samples cut differently, each one with slightly different shapes, different crack initiation points, and different internal structure of defects all lead to the same q M .
A charge modulation also implies defects in the modulation [33] . Such a situation occurs in Fig. 4 , where we filter the peaks corresponding to the modulation at q M to obtain Fig. 4a ,b.
We observe that, in these fields of view, the stripes are structured. In Fig. 4a there is a shear shift of the charge modulation. In Notice however that sometimes we do observe the 1D-CDW in the Fourier transform around atomic Bragg peaks too. Then, the modulation locks to crystalline defects which lead to a twist (Fig. 4) . The defects in the modulation are phase slips in the charge density vector D(r) by φ = 2π around a pair of dislocations and lead to small atomic lateral displacements.
Thus, the 1D-CDW at q M is the result of a strong interaction between an external action (crack front), atomic displacements (phonons) and the electronic susceptibility of URu 2 Si 2 (fluctuations at q 1 ). The phonon dispersion in URu 2 Si 2 shows no strong features connected to the HO transition [34] . However, there is an anomalous phonon mode broadening which suggests strong anharmonicity and coupling to magnetic excitations [34] [35] [36] . The dispersion relation of the q 1 modes provides a velocity v = d dk ≈ 10 4 m s [34] . Most remarkably, crack front velocity, sound velocity and the velocity of the magnetic q 1 modes are all of the order of tens of km/s. Interestingly, the time required for each of these three modes to cross a single unit cell is in the femtosecond regime. Thus, ultrafast radiation experiments on surfaces of URu 2 Si 2 might lead to similar effects as a travelling crack front and potentially to the nucleation of a similar CDW.
Notice that moiré patterns arise on surfaces or few layer systems because of displacements or rotations of atomic lattices[1-7]. Rotations among atomic layers provide a control parameter, the relative angle between layers, to modify the moiré[2]. In our case, moiré modulations can arise with any characteristic vector from the electronic bandstructure. That is, with wavevectors located inside the Brillouin zone and lying close to an integer fraction of the unit cell lattice. To modify the moiré, we need to modify the bandstructure, with the usual control parameters as doping, stress or magnetic field.
For very large values of n in λ M = λ 1 ·a |λ 1 /n−a| , the moiré pattern might rapidly acquire a very long wavelength, which should make it quite difficult to distinguish from a large defect or distortion. However, for small n (and with a sufficient difference between λ 1 and na), the moiré combinations proposed here could lead to a variety of new ground states.
In summary, we observe that the high susceptibility of URu 2 Si 2 at q 1 results in quenched 1D-CDW when there is a sufficiently strong interaction with a cracking process. But we are not just condensing a CDW related to q 1 through fracture. The moiré between the atomic lattice and the q 1 modulation leads to a real, physical, 1D-CDW which breaks the in-plane square C4 symmetry. Of course such a CDW is not a property of the HO. But it emerges from HO, and it emphasizes the proximity to competing ground states. Our observation supports the claim that in the HO phase electric interactions might play a key role, as proposed by nuclear magnetic resonance experiments [37] . Convocatoria 784 -2017 and the Cluster de investigación en ciencias y tecnologías convergentes de la Universidad Central (Colombia). We also acknowledge SEGAINVEX at UAM.
METHODS
We use a STM set-up described in Refs. [38, 39] that features a movable sample holder which we use to cleave in-situ the sample. The single crystals of URu 2 Si 2 have been grown by Czochralski method and have a residual resistance ratio of about 120 [40] . We first screened crystals for high quality, from different growths and then cut crystals into needles of about 0.5 mm × 0.5 mm × 2 mm. We inserted each needle into a hole made on a gold substrate and glued them with silver epoxy. The needles were positioned into the sample holder in such a way that they hit a sharp ceramic blade when pulling on the sample holder.
Slightly below 4.2 K we pulled on the holder through a manual mechanism located at room temperature and connected to the holder with a piano cord. We felt resistance when the sample touched the blade. We continued pulling until we heard a characteristic "crack". At this point, the sample was broken. The noise created during crack, which we heard outside the dilution refrigerator, evidences generation of sound waves during fracture. This was made with the tip far from the sample. We then approached the tip to the sample, scanned and obtained the results discussed here. We provide results obtained in five succesful cleaves, obtaining each time atomically flat surfaces in cryogenic vacuum. In each crystal, we were able to study several tens of scanning windows, each limited by the scanning range of our piezotube (2µm × 2µm) [38] . We present images made at 150 mK and with the STM on constant current mode held by a feedback loop, with a setpoint of a fraction of nA and at a bias voltage of order of 10 mV.
SUPPLEMENTARY INFORMATION

A. Further details of the experimental set-up
The STM set-up has been described in detail elsewhere [38] . However, it is useful to provide details about the additions that we have made to be able to cleave at low temperatures hard samples as URu 2 Si 2 . In Fig. 5a we show a picture of URu 2 Si 2 from the side and from the top. The sample has been specifically shaped using a wire saw into a rectangle elongated perpendicular to the cleaving plane (the (a,a) axis). In Fig. 5b we show a picture of the sample mounted on the STM. The picture is taken from one side. The piezotube is located on the top of the picture. We can see the tip of Au on the top of the image and the part of the URu 2 Si 2 that holds out from the sample holder. A cleaved surface is shown in Fig. 5c from the top. In Fig. 5d we schematically show the process of cleaving.
We move laterally the sample holder and a ceramic blade pushes laterally the rectangular sample until it breaks. The efforts during the crack are tear, compressive and shear efforts, as schematically represented in Fig. 5e .
The tip of Au is prepared and shaped as shown in Refs. [38, 41] . To this end, we glue a pad of Au on the sample holder in such a way that we can move the tip between sample and pad of gold, once the sample has been cleaved. To analyze the images we use WSxM [42] and further software available at [43].
B. Analysis of fractured surfaces
After the experiment, we verified that the only source for the cracking noise was the sample (no components of the dilution refrigerator or the STM were damaged). The remaining part of the sample generally flew away to the bottom of the vacuum chamber. We collected both parts of the sample and made a detailed analysis of their surface using Scanning Electron Microscopy (SEM) and optical microscopy at room temperature.
In single crystals, fractures are the result of the external applied stress, the elastic properties of the crystal and the relative orientation between the crack propagation and the crystalline lattice directions. As a result, characteristic surface marks can be identified to reconstruct the fracture process. We have made a microscopy study of surfaces on URu 2 Si 2 obtained after cleaving at room temperature and at low temperatures (Fig. 6) . We iden- tify with yellow dashed lines step hackles. In both cases, hackles follow a elliptical shape.
The crack front travels along a direction perpendicular to the hackle lines [31, 32, 44] . The curved crack direction results due to the deflection of the crack between planes because of the anisotropic velocity depencence of lattice vibrations [30] . In our case, the crack front in the sample cleaved at room temperature can be approximated by an ellipse of semi-axes of a ≈ 2.06mm and b ≈ 2.73mm. From such a simple shape we can estimate the propagation velocity of the crack front to be of order of 10 3 m/s [31, 32, 44] . The sample cleaved at low temperatures is too small to make an estimation, but we can expect similar crack front velocities.
In the sample cleaved a room temperature we found that it was not easy to identify the starting crack point. Instead we observe a starting crack zone of approximately a few µm 2 (red rectangle in Fig. 6a and Fig. 6c ). By contrast, on the sample cleaved al low temperature, we identify the starting crack point as the red arrow in Fig. 6d . In every crack, we can identify the primary surface marks, called mirror and mist zones. These are regions where a crack radiates outwards from the starting point of fracture. These zones are the transition regions between the starting crack point and the hackle lines. We define the mirror zone by the region enclosed by the red dashed line (Fig. 6d ). Inside the mirror zone we identify radially outgoing lines. Outside, in the mist zone, lines start to become straight and oriented with the crystalline axis, ending up in hackle lines. Hackle lines run in the local direction of craking and separate parallel but non coplanar sections of the fractured surface. Twist hackles are formed when the crack runs parallel to a preferent cleaving plane and the direction of the normal stress to this plane changes. Then, the crack cannot tilt in response to the new direction of stress direction and thus it splits into small, separated segments [45] . These lines form at exactly 90 • to each other and are often close to being parallel to a cristalline axis. The lines evidence the large accumulation of strain before the crack (see also Fig.7) .
In order to address with more accuracy the crack features on the cleavage surfaces on both samples, we focus our attention in areas less than 25 × 25 µm 2 (Fig. 6e,f ). There we can observe important differences. In the sample cleaved at room temperature we identify flat surfaces of tens of microns with rectangular defects within areas of sizes 1-2 µm 2 that are parallel to the [10] and [01] directions (Fig.6e ). In the sample cleaved at 4.2K, by contrast, we observe stripes nearly parallel to the [01] atomic direction (Fig.6f ). This suggests that there is a hierarchy of structures appearing at low temperatures caused by the crack process.
Stripes that define a direction and the interaction of the crack front with the modes of URu 2 Si 2 that defines a charge modulation condensed during the crack process.
The establishment of any permanent modification of the crystal structure requires energy.
The only available source is the strain energy dissipating during cleavage, which is used to create the new surfaces obtained after cleaving. It is useful to discuss the strain we accumulate before breaking the sample. To see this, we can consider that, when we use samples of 1 mm square section (instead of 0.5 mm), we break a tin solder joint of the pulling mechanism instead of the sample. By decreasing sample thickness to 0.5 mm we break instead the sample. Thus, we can estimate that the uniaxial force on the sample is of order of the shear force of a tin solder joint. A good estimate is probably between 1 and 10 kg, say 5 kg or 50 N. This is applied as a shear to the sample using a wedge. The uniaxial pressure is as high as 200 kg/mm 2 , if we estimate that contact between the wedge and the sample is along an area of 0.1x0.5 mm 2 . This produces as much as 20 kbar uniaxial pressure, enough to locally drive the system into an ordered phase close to the wedge [9, 10] .
A more detailed calculation is provided in Fig. 7 . We use a finite element calculation with the software NX Nastran. We use isoparametric tetrahedron elements with four vortex nodes and size additional midside nodes. The sample size is 1 mm × 1 mm × 3 mm and the mesh size is 50µm. We apply a lateral force of 50 N and a vertical tear force of 100 N, to be able to consider a sample separated in two parts in the model. We take a Young modulus of 192.85 GPa [11] . We see that we can easily obtain locally pressures up to 80 kbar (8 GPa) at the wedge (Fig. 7) .
When the sample cleaves, the pressure is of course released, so that the sample should turn back to the HO state. However, there is a large amount of available energy from the accumulated strain. We can estimate the released energy and compare it to the bonding energy and find very large values, of order of the mJ. On the other hand, usually the tensile strength upon shear of the material is exactly the bond-breaking strength, plus the energy required to produce surface modifications. To have such a surplus of mechanical energy that does not go into bond-breaking and creates permanent features on the surface, we need that the lateral edge of the sample has a higher tensile strength than the bulk. This should indeed be the case, taking into account that the sample has been cut and has certainly many more defects close to the edge. As we see in Fig. 6 , the surfaces obtained from cleaving an as-grown sample at room temperature are very different than those obtained cleaving a sample shaped using a wire saw at low temperature. The latter shows many more small scale modifications of the surface. Thus, the crack process has enough energy to produce permanent modifications of the surface. Furthermore, the local accumulated pressure drives the sample out of the HO state for the duration of the propagation of the crack front through the sample.
C. Displacement vector and bias voltage dependence
As we show in Fig. 8 , the Fourier patterns of displacement vectors with different directions are different too. We take D(r) = Acos(qr + φ), as in the main text. In Fig. 8a we show a height modulation, equivalent to the charge modulation observed in the main text (with a period of λ M , for simplicity, we take here a single cosine, instead of the two cosines leading to the moiré pattern discussed in the text). The corresponding pattern consists of stripes and in the Fourier transform Fig. 8g we observe peaks around the center. When there is an in-plane displacement (Fig. 8b) , the peaks in Fourier space appear around the Bragg peaks of the unmodulated atomic lattice, without peaks at the center of the Fourier transform. If we combine both modulations, by adding a z and an in-plane modulation in Fig. 8c, and add a tilt, we observe the patterns in Fig. 8i , with peaks around the center and the Bragg peaks of the unmodulated atomic lattice. Thus, as suggested in the text, the observation of peaks around the atomic size Bragg peaks shows that there are in-plane displacements, in addition to the charge order. This occurs preferentially at locations where the observed charge modulation shows defects, as discussed in the text.
In Fig. 9 we show the bias voltage dependence of the modulation discussed in the main text. We focus on the range between 10 mV and 2 mV. Real space images show the modulation and a few defects. The Fourier transform shows the four Bragg peaks of the atomic lattice and the peaks corresponding to the q M modulation. In Fourier space we also observe a white circle, with structure inside, around the center. This is the consequence of quasiparticle interference scattering at the defects. Here we show topographic images, which are obtained at constant current. The current is given by
is the bias voltage given in the images and N (E) the density of states. Therefore, it provides an energy integrated account of the density of states between zero bias and the voltages mentioned at each image in Fig. 9 . The quasiparticle interference does not provide qualitative information from the bandstructure. Rather, scattered features that are difficult to interpret. To this end, doping with Th, as made in Ref. [22] is very important. Other features of the spectroscopy will be discussed elsewhere, but essentially coincide with what was found in Refs. [21, 22] . We did not find clear features in the spectroscopy associated to the CDW at q M found here. This might not be surprising. The fact that the observed corrugation is so small, considerably smaller than the signal from scattering ( Fig. 9 ) suggests that the associated features in N (E) are very small too. Furthermore, the local density of states has no region in energy where it is flat. It consists of a Fano anomaly, superposed to a gap opening and of two van Hove singularities located at a few mV [21, 22] . Any feature appearing in such a wavy background is very difficult to disentangle. However, the q M modulation appears at a range of bias voltages of order of the tens of mV and below. A simulation using a 2D lattice is shown in real and reciprocal space in g,h,i. 
